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Abstract

This study investigates the adoptionaq Climate-Smart Agriculture (CSA) practices among predominantly traditional rice
farmers in South Sumatra, Indonesia, and proposes strategies for enhancing resilience to climate variability. A total of 98
farmers across nine districts participated in structured surveys and in-depth interviews. The results showed a reliance on
modern machinery for land preparation (62.8%) alongside a considerable use of traditional tools (26.5%). High awareness of
climate change (87.9%) and its impacts, along with a substantial understanding of the negative effects of chemical fertilizers
(67.7%), were observed. The use of weather forecasts by 34.7% of respondents highlighted the importance of reliable
climate information in agricultural decision-making. Adaptive practices for drier conditions include water management (40%)
and crop management methods (25%), while improved drainage (40%) and other flood prevention measures (35%) were
commonly adopted for wetter conditions. Despite these efforts, 50% of farmers reported decreased productivity during dry
seasons due to the significant impact of irregular rainfall, while approximately 42% managed to increase productivity during
wetter conditions through adaptive practices. To enhance CSA adoption, continuous education and awareness programs,
promoting energy-efficient machinery and organic farming methods, and improving access to accurate weather forecasts
are recommended. The development of resilient crop varieties and the provision of financial and technical support are also
essential. Implementing these strategies can facilitate the integration of CSA into the farming system, ensuring a resilient and
sustainable agricultural sector in South Sumatra that supports both productivity and environmental preservation, contributing
to long-term food security and sustainable development in the region.
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1. INTRODUCTION is a sustainable solution aimed at enhancing food security

2 it i i S i i sing
Food security is the availability and access to sufficient, by I'mhgatmg th'e’unpacti of climate Cha‘?g‘? and increasing
agricultural resilience (Ghosh, 2019; Williams et al,, 2015;

safe, as well as nutritious food that meets dietary needs  ° : . ‘

and preferences for an active and healthy life. According to Luugmure et 31., 2015). Lipper et al. (2014) stated fk.lat CSA
the definition by the World Food S it in 1996, it com-  equires cnu'rdmated'effurt‘:, among farmers ar'lcl policymak-
prises the availability, access, utilization, and stability of ~ *'® to effectively build re:sllu-jrnce' through ew"u_:lmce—based
food resources (Ingram, 2011; Shaw, 2007). In South Suma- me?huds, enhance loc.al mshmhltmal capacities, promote
tra, Indonesia, food security is particularly challenged by policy coherence, and mtegréte climate financing with agri-
climate variability, which influences both the availability CLll'hll'al development. This l_I:'lF{‘gl'ﬂfEd method crstres so-
and stability through phenomena such as EI Nifio and La ll}lfll]nﬁ are both context-specific and 5}1pp}1rfed by innova-
Nifia. As a result, crop yields and agricultural activities tive policies, adapfa?le to the dynamlc? ‘cllmal’e landscape
are severely threatened and disrupted, respectively (Wan- (Nguma'et al., 2018; ?cherr etal,, 2012; Taylor, 2018). .
dayantolis et al,, 2023, 2024) Studies from various global contexts supported the im-

Despite the challenges, Climate-Smart Agriculture (CSA) plementation of CSA. For instance, Kurgat et al. (2020) ex-
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plored CSA technologies in Tanzania, outlining the role of
household resource management in enhancing technology
adoption, particularly under female control. This suggested
significant potential for synergy and technology transfer
within communities. Additionally, Djufry et al. (2022) iden-
tified key practices among coffee smallholders in Indonesia,
including crop diversification and water management. This
facilitated the mitigation of adverse effects of climate on
crop production and quality. The practices are essential for
reducing the impact of agricultural activities on greenhouse
gas emissions and adapting to climate change (Altieri and
Nicholls., 2017; Iglesias and Garrote., 2006; Zougmoré et al.,
2016).

This study aims to investigate the current state of CSA
practices among rice farmers in South Sumatra, Indonesia,
and propose strategies for enhancing rice production re-
silience to climate variability. By focusing on demographic
characteristics, farming practices, and the adoption of CSA
technologies, a context-specific framework for implemen-
tation was developed. This framework prioritizes strate-
gies such as the integration of improved crop varieties,
water-efficient practices, and sustainable soil management
methods. The novelty of this study lies in its comprehen-
sive assessment of the current CSA practices and the iden-
tification of barriers and opportunities specific to South
Sumatra. By tailoring global CSA strategies to the local
context, this study provides innovative, context-specific so-
lutions that address both traditional and modern farming
practices. This framework supports the long-term sustain-
ability and resilience of rice production in South Sumatra
and contributes to the broader goals of food security and
agricultural development in the region.

2. EXPERIMENTAL SECTION

2.1 Study Location

This study was conducted in South Sumatra, Indonesia,
a region characterized by significant agricultural activity
and diverse climatic impacts that crucially influence food
security and agricultural productivity. The region, located
between approximately 1° to 4° S and 102° to 106° E, is sig-
nificantly affected by both seasonal variations and extreme
weather events such as El Nifio and La Nifa, leading to
substantial alterations in crop production cycles and yields.
This variability presented a critical area for implementing
CSA practices, with the aim of enhancing resilience and
stability in food production (Belay et al., 2023; Dejene et al.,
2022). The landscape of the province was predominantly
composed of rice fields, palm oil plantations, and rubber
plantations. It is important to acknowledge that rice is a
staple food and a major economic contributor (Adam et al.,
2017; Syuhada et al., 2020; Wildayana, 2015). The research
area is also displayed in Fig. 1, providing a visual represen-
tation of the geographical scope of the study.

© 2024 The Authors.
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2.2 Data Collection

Data was collected through structured surveys and direct in-
terviews with farmers across South Sumatra to ensure com-
prehensive CSA adoption. In 2023, surveys were conducted
with 98 farmers across 9 districts /municipalities. These
included both closed-ended questions for quantitative anal-
ysis and open-ended questions for qualitative insights into
CSA practices. The variables observed in this research in-
cluded demographic characteristics (age, education level,
farming experience), types of farming practices (modern
vs. traditional tools), awareness and perception of climate
change, usage of weather forecasts, and adaptive practices
for different climatic conditions. Fig. 1 shows the distri-
bution of respondents across the 9 districts/ municipalities
in South Sumatra, providing a visual representation of the
geographical scope of the study.

MAP OF AREA STUDY
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Figure 1. Map of South Sumatra showing the distribution
of survey respondents across the 9 districts /municipalities

In-depth interviews were conducted with a subset of
farmers to collect detailed qualitative data on experiences
with CSA. These interviews aimed to explore the benefits
and challenges faced. It was important to acknowledge that
respondents were purposively selected to capture a broad
spectrum of experiences (Guest et al., 2006). Local agricul-
tural extension officers assisted in distributing the surveys
and conducting the interviews, ensuring effective engage-
ment from respondents. Ethical considerations, including
informed consent and confidentiality, were rigorously up-
held in the data collection process (Orb et al., 2001).

2.3 Data Analysis

Survey data were analyzed using statistical software to per-
form descriptive statistics and explore correlations between
variables related to CSA adoption. This analysis identified
key patterns and trends across the surveyed population.
Interviews were transcribed and subjected to thematic anal-
ysis to extract as well as interpret significant themes. This
method comprised a detailed coding process to distill in-
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sights about the motivations for and barriers to CSA im-
plementation. Integrating quantitative and qualitative data
provided a comprehensive understanding of the practices
in South Sumatra, enhancing the validity and reliability of
the study. This mixed method offered valuable insights into
the practical implementation of CSA and informed policy
and practice (Creswell and Creswell., 2017).

3. RESULTS AND DISCUSSION

3.1 Overview of Respondent Demographics and Farming
Practices

This study surveyed a total of 98 farmers from 9 districts
across South Sumatra, capturing a broad spectrum of agri-
cultural environments in the region. The demographic
breakdown of respondents showed a diverse group pre-
dominantly engaged in staple crops such as rice, alongside
other significant crops namely palm oil and rubber. The
age distribution of respondents (Fig. 2) signified a sig-
nificant representation of middle-aged farmers, with 48%
being over 40 years old. This represented a seasoned group
with considerable experience in farming practices. Approx-
imately 60% of respondents had more than 10 years of
farming experience, providing a depth of knowledge and
practical insights into traditional and modern agricultural
practices. According to the survey, the average monthly
income per household was around 3 million IDR (approx-
imately 200 USD), reflecting, the economic context within
which these farmers operate.

Percentage of Respandents by Age

< 130 Y40
Age

Procantags

Figure 2. Age Distribution of Respondents

Education levels (Fig. 3) among farmers vary, with
about 70% have completed at least secondary education.
This facilitated a better understanding and adoption of
new agricultural technologies and practices, including CSA
methodologies. In terms of farming practices, the data
shows a mix of traditional and modern methods.

The majority of farmers in South Sumatra relied heav-

© 2024 The Authors.
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Education Levels of Respondents

Secondary School

Bachelor's Degree
23.4%

High School

46.8%

Primary School

Figure 3. Education Levels of Respondents

ily on machinery for land preparation and soil treatment,
as detailed in Fig. 4. Approximately 62.8% utilized this
method, while 26.5% adopted simpler, traditional tools.
This significant reliance on heavy machinery presents a
trend toward modernization in agricultural practices in the
region. However, the use of such machinery, predominantly
fueled by non-renewable energy sources, raises concerns
about greenhouse gas emissions and the broader environ-
mental impact (Smith et al., 2014). The heavy machinery
used in land preparation currently results in higher CO2
emissions compared to traditional methods. This reliance
on mechanization poses a challenge for CSA practices due
to the greenhouse gas emissions generated. In contrast, the
use of traditional tools, preferred by over a quarter of re-
spondents, aligns with more sustainable practices, offering
lower greenhouse gas emissions due to minimal energy
requirements (Poeplau and Don., 2015).

The integration of traditional and modern practices
presents a unique opportunity for policymakers to guide
the agricultural sector toward a more sustainable trajectory.
Promoting the use of energy-efficient or renewable energy-
powered machinery could help reduce the carbon footprint
associated with heavy devices (Odegard and Voet., 2014).
Furthermore, promoting organic farming methods, as used
by a small fraction (1.5%) of the survey respondents, could
enhance soil health and carbon sequestration, contribut-
ing to the mitigation of climate change impacts (Gattinger
et al,, 2012). It was important to acknowledge that policies
aimed at integrating modern agricultural technologies with
traditional methods could foster an adaptive, environmen-
tally sustainable agricultural framework, supporting both
productivity and environmental preservation.
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Figure 4. Methods of Land Preparation and Soil Treatment

3.2 Adoption of CSA Practices

The use of weather forecasts from BMKG (Meteorological,
Climatological, and Geophysical Agency) played a signif-
icant role in the farming decisions of many respondents.
The survey data signified that 34.7% of respondents uti-
lized theweather forecasts to determine the optimal time
for planting, as detailed in Fig. 5. This incorporation of
climate information is critical in adapting to the variability
and unpredictability of weather patterns, allowing farmers
to make informed decisions that can enhance crop yields.

100

Percentage of Respondants

No s
Response.

Figure 5. Percentage of Respondents Who Use BMKG
Weather Forecasts to Determine Planting Times

The perceptions of farmers concerning climate variabil-
ity are essential in understanding adaptation strategies and
resilience. According to the survey, 87.6% of respondents
believe that the yearly rainfall patterns in the region vary
significantly, as detailed in Fig. 6. This perception pre-
sented the challenges farmers face in predicting weather
conditions and outlined the importance of reliable forecasts
and climate information. Approximately 87.9%o0f respon-
dents were aware of the concept of climate change and the

© 2024 The Authors.
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variable

Cansistent

Figure 6. Perception of Rainfall Variability, Showing The
Proportion of Respondents who Perceive The Yearly
Rainfall Patterns As Consistent and Variable

Climate Change Awareness Awareness of Enviranmental Impact of Fertilizers

s

s
e

-

Figure 7. Awareness of Climate Change and
Environmental Impact, showing the percentage of
awareness of climate change and agricultural impacts, as
well as information regarding the environmental effects of
chemical fertilizers.

potential impact on agriculture, while 67.7% were informed
about the negative effects of chemical fertilizers on the en-
vironment, as shown in Figure 7. This information reflects
a growing awareness among farmers about the broader
environmental impacts of the practices and the need for
sustainable agricultural methods.

Farmers applied various strategies to adapt to chang-
ing climatic conditions. The adaptive practices for drier
conditions include Water Management (40.0%), Crop Man-
agement (25.0%), Do Nothing (15.0%), Others (10.0%), Soil
Management (5.0%), and Alternative Practices (5.0%). Wa-
ter management practices include using irrigation systems,
pumping water from rivers, and building reservoirs. Prac-
tical exercises conducted by farmers under Crop Manage-
ment involve changing planting schedules to avoid peak
drought periods and using drought-resistant crop varieties.
In the case of Do Nothing (15.0%), some farmers choose not
to take any specific actions. Other practices include various
adaptive measures not falling into the mentioned categories.
Soil Management consists of methods such as mulching to
retain soil moisture. Alternative Practices (5.0%) comprise
diversification into non-agricultural activities, such as en-
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gaging in local businesses or other forms of income gen-
eration to reduce dependency on farming during extreme
weather conditions.

During wetter conditions, measures such as improv-
ing drainage and postponing planting were commonly
adopted, as detailed in Fig. 8. The adaptive practices for
the conditions include Water Management (40.0%), Oth-
ers (35.0%), Soil Management (10.0%), Crop Management
(10.0%), and Do Nothing (5.0%). Water management com-
prises practices such as enhancing drainage systems and
pumping excess water out of fields. Meanwhile, other prac-
tices include constructing barriers to prevent flooding. Soil
Management consists of methods to improve soil structure
and prevent waterlogging. Furthermore, Crop Manage-
ment includes adjusting planting schedules or switching
to flood-tolerant crops. In the case of Do Nothing (5.0%),
some portion of farmers do not perform any specific ac-
tions.

Classified Adsptive Practices for D

ditions  Classified AdBptive Practices for W onditions

oo an

Figure 8. Adaptive Practices for Drier Conditions and
Wetter Conditions, showing the various adaptive practices
applied by respondents.

The adaptive practices showed the resilience and flexi-
bility of farmers in the face of climatic challenges. Due to
irregular rainfall, approximately 50% of farmers reported
a decrease in productivity during unusually dry seasons,
while 20.5% experienced an increase, 15.9% were uncertain,
and 13.6% observed no change. In wetter conditions, 42.0%
managed to increase productivity through adaptive prac-
tices. Approximately 21.6% experienced a decrease due
to challenges such as flooding and waterlogging. Addi-
tionally, 22.7% are uncertain about the impact, and 13.6%
reported no change in productivity under these conditions,
as detailed in Fig. 9.

Results outlined the critical role of reliable weather fore-
casts in agricultural decision-making. The incorporation
of BMKG weather forecasts into farming practices signif-
icantly improved yield stability and reduced risks associ-
ated with climate variability (Martinez-Feria and Basso.,
2020; Mathieu and Aires., 2018). Furthermore, the high
awareness of climate change and its impacts among farmers
suggested a readiness to adopt more sustainable practices,
which is essential for the successful implementation of CSA
strategies (Crentsil and Karbo., 2021; Sardar et al., 2019).

The adoption of water management methods was cru-

© 2024 The Authors.
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Classified Adaptive Practices for Drier Canditions  Classified Adaptive Practices for Wetter Conditions

Crop Msnagement

Figure 9. Impact of Rainfall Variability on Crop Yields,
showing respondents’ perceptions of changes in crop
yields under drier and wetter conditions.

cial for maintaining productivity under varying climatic
conditions. For instance, improved irrigation systems en-
hanced water use efficiency and contributed to resilience
against drought as well as flooding (Cornelis et al., 2019).
Crop management strategies, such as planting drought-
resistant varieties, were also crucial for adapting to climate
stress and ensuring food security (Raza et al., 2019).

The survey presents the importance of education and
awareness in promoting sustainable agricultural practices.
Farmers who were more informed about the environmental
impacts of chemical fertilizers and the benefits of sustain-
able practices were better equipped to make decisions in
line with CSA goals. This was supported by recent studies
explaining the need for continuous education and the in-
tegration of modern tools to enhance the adoption of CSA
technologies (Sardar et al,, 2019; Zakari et al., 2019).

4. CONCLUSION 3

In conclusion, this study investigated the adnpﬁnm&(:limafe
Smart Agriculture (CSA) practices among rice farmers in
South Sumatra, Indonesia. The findings revealed a signifi-
cant reliance on modern machinery (62.8%) for land prepa-
ration, contrasting with 26.5% who used traditional tools,
highlighting the challenge of greenhouse gas emissions.
Integrating sustainable practices, such as energy-efficient
or renewable energy-powered machinery, can balance pro-
ductivity with environmental impact. High awareness of
climate change (87.9%) and knowledge about the negative
effects of chemical fertilizers (67.7%) indicate a readiness
among farmers to adopt sustainable methods. The use of
BMKG weather forecasts by 34.7% of respondents under-
scores the critical role of reliable climate information in
decision-making. Adaptive strategies included water man-
agement (40%) for drier conditions and enhanced drainage
systems (40%) for wetter conditions. Despite these efforts,
50% of farmers reported decreased productivity during
dry seasons, while 42% increased productivity during wet-
ter conditions through adaptive practices, highlighting the
significant impact of irregular rainfall. To enhance CSA
adoption, continuous education and awareness programs
are essential. Promoting energy-efficient machinery and
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organic farming methods can reduce environmental im-
pacts. Practical works conducted by farmers include using
irrigation systems, changing planting schedules, and us-
ing drought-resistant crops. Improving access to accurate
weather forecasts and developing resilient crop varieties
are necessary steps. Financial and technical support will
facilitate CSA adoption, helping South Sumatra develop a
resilient, sustainable agricultural sector that supports both
productivity and environmental preservation. This frame-
work aligns with local agricultural conditions and farmer
needs, contributing to long-term food security and sustain-
able development. Implementing these strategies benefits
farmers by improving yields and reducing vulnerability to
climate variability, while also preserving the environment
through reduced emissions and sustainable practices.
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